SYNOPSIS A method for the determination of total cholesterol in serum is described. Optimum conditions are found for the isolation of the steroid free from extraneous chromogens, and a new sensitive colour reagent is introduced. The procedure is convenient for routine application, the final colour being light-stable and reasonably time-stable at room temperature. Comparisons are made with one other method and with another colour reagent. It is concluded that, for accurate results, treatment of the serum with alcoholic alkali followed by extraction with a hydrophobic solvent is essential. The choice of the colour-developing reagent is then no longer dependent on specificity for cholesterol, but becomes inter alia a matter of ease of operation, and of sensitivity, stability, and reproducibility of the final colour. These points are discussed in relation to other methods.
The problem of determining accurately the total cholesterol content of blood serum may be resolved into two main parts, namely, the quantitative isolation of the cholesterol in a pure state and measurement of the isolated steroid by means of convenient developing reagents which lead to a sufficiently sensitive and stable colour.
The first part of the problem has been attacked in many ways by numerous workers, for example, by extraction with one or more organic solvents with concomitant precipitation of proteins (e.g., Bloor, 1916; Sackett, 1925) ; by similar extraction followed by precipitation of the cholesterol in the hydrolysed or unhydrolysed extract with digitonin (Sperry and Webb, 1950) ; by treatment with ethanolic potassium hydroxide followed by extraction (Abell, Levy, Brodie, and Kendall, 1952; Trinder, 1952;  Anderson and Keys, 1956; Brown, 1959) ; or by combinations of these. Others (e.g., Zlatkis, Zak, and Boyle, 1953) have avoided isolation and added colour reagents directly to the serum.
The second part of the problem has also received much attention and since 1953 a number of methods have been published which are improvements on earlier techniques of colour development employing the Liebermann-Burchard reaction, the shortcomings of which are well documented. The present work has led to a colorimetric method which incorporates the best features of those pre-rejected and about 800% of the remainder collected; nitrogen is again bubbled during distillation. The product is aldehyde-free. Dissolve 35 g. potassium hydroxide pellets in aldehyde-free alcohol, cool, and dilute to 500 ml. with the alcohol. This reagent is fairly stable and will keep at least two months in the cold. Reject it when signs of yellowing appear.
4 PETROLEUM SPIRIT, BOILING-RANGE 60 TO 80'C.
5 ACETIC ACID Use glacial acetic acid; no purification is necessary.
6 PERSULPHURIC ACID REAGENT Dissolve 20 mg. potassium persulphate in 1 ml. cold water and add rapidly 100 ml. chilled concentrated sulphuric acid. Mix thoroughly. This reagent will keep for about three weeks in the refrigerator where it should be stored when not in use, and is rejected when the colorimeter reading for a 600 mg. % cholesterol standard is markedly lower than with fresh reagent.
7 STANDARD CHOLESTEROL Dissolve 10 mg. pure cholesterol (e.g., Townson and Mercer's, chemically pure) in ice-cold petroleum spirit, and dilute to 100 ml. with cold solvent. Store in the refrigerator when not in use. Check the purity of the cholesterol by comparison with an authentic specimen, as some samples contain extraneous substances which are difficult to remove by recrystallization. Purity is checked by developing the colour with each sample and comparing the visible spectra, or the readings at about 498 mu if a filter instrument is used.
Aliquots of the standard solution are pipetted into test-tubes and the solvent evaporated in a water-bath at 80 to 100°C. by blowing a gentle stream of air into the tube which is kept agitated. Nitrogen, instead of air, does not appear to be necessary. The dry standards are stable indefinitely, so that if desired a stock of these may be prepared.
METHOD
Measure 0-15 ml. serum into a glass-stoppered tube of about 20 ml. capacity. Then add 3 ml. M potassium hydroxide, mix and heat in a 60'C. water-bath for 15 minutes. Cool the tube to room temperature and add 3 ml. water and 6 ml. light petroleum. Shake vigorously for 30 seconds to one minute and stand the tube for a moment. A clean separation occurs almost instantaneously. After the phases have separated, withdraw 2 ml. of the petrol layer and pipette into an ordinary rimmed test-tube. Evaporate the petrol as described previously. The residue is stable and may be stored indefinitely at this stage. For colour development add 5 ml. glacial acetic acid and allow the tube to stand for about five minutes with occasional shaking to dissolve the cholesterol residue. Then run 2-3 ml. persulphuric acid reagent down the wall of the sloped tube so as to form a layer beneath the acetic acid solution; allow a minute for drainage. Then shake the tube vigorously for about half a minute and transfer it without delay to a 37°C. waterbath where it is allowed to incubate for five to 10 minutes.
Cool the tube to room temperature in water avoiding vigorous agitation and transfer the product to a colorimeter tube or spectrophotometer cell. Read against a blank made by mixing 5 ml. acetic acid and 2-3 ml. persulphuric acid reagent. The product has maximum absorbance at 498 mi; if a colorimeter is to be used a filter similar to the Ilford 623 is suitable.
For calibration measure 1, 2, and 3 ml. cholesterol standard into rimmed test-tubes, evaporate the solvent and then proceed as for the colour development of the serum residue. These standards are equivalent to sera containing 200, 400, and 600 mg. % cholesterol. A calibration graph may be used, but twice weekly checks with a duplicate standard are advisable. If preferred, water may be used as a blank in setting up the calibration and for future analyses. EXPERIMENTAL PREPARATION OF THE SERUM FOR COLOUR DEVELOP-MENT In view of the variety of methods used for liberating cholesterol and its esters from serum constituents, we attempted initially an assessment of the various procedures for isolation such as those mentioned previously. Our objective was to discover one which would separate the cholesterol either as such or mixed with its serum esters, would give a quantitative recovery of the total cholesterol, and would lead to an isolated product free of extraneous chromogens; in addition it was desirable that any coloured substances such as bilirubin or haemoglobin should be left behind during the isolation procedure. The criterion used was that based on an examination of the visible absorption spectra of the colours derived from treated serum and from pure cholesterol. If the ratio of the absorbances at a series of corresponding wavelengths remained constant, then it could be concluded either that the cholesterol had been obtained in a pure state (or together with esters which gave the same absorption spectra on a molar basis as free cholesterol) or that the method of colour development was specific for cholesterol, or both. Purity of the isolated cholesterol was gauged by colour development of dried extracts and standards with a modified Liebermann-Burchard reagent (Anderson and The methods of extraction which were investigated involved addition of acetic acid and centrifugation; addition of acetic and trichloracetic acids followed by centrifugation; hot and cold extraction with various solvents or mixtures of solvents; and lastly treatment with aqueous, methanolic or ethanolic potassium hydroxide, or with mixtures of these, at various temperatures and for varying times, followed by petrol extraction.
The determination of cholesterol in serum by persulphuric acid oxidation Examination of the spectra of the final products from the first three types of extraction procedure showed lack of correspondence with the spectrum from pure cholesterol; in all cases extraneous absorption was observed giving falsely high values, so that such methods were rejected as unsatisfactory for accurate work. Since the result was much the same for any of the three sets of colour reagents used it appears that none of these methods of colour development is specific for cholesterol; contribution of non-reacting colour from the serum itself is a further possible source of positive error. These findings are supported by the work of Morris (1959) who carried out a painstaking comparison of six methods. If the work of Schoenheimer and Sperry (1934) and of Sperry and Webb (1950) is taken as a base-line for comparative purposes it is apparent from Morris's data that the methods of Pearson, Stem, and McGavack (1953) , Zlatkis et al. (with or without purified acetic acid), and Sackett give mean values significantly higher; furthermore, acid extractants lead to higher values than neutral organic extractants.
Attention was therefore directed to treatment of the serum with alkali and petrol, and by this means satisfactory results could be achieved under optimum conditions (the optima not being particularly critical, as will be described). It was found possible to produce spectra from the extracts which were virtually identical with those from pure cholesterol ( Fig. 1 ).
Since the colour reagents mentioned above are not specific, it must be concluded from this that by treatment with alcoholic potassium hydroxide and extraction with petrol the cholesterol is isolated from serum in almost pure form, the impurities having negligible chromogenic potentialities with at least some colour reagents. This finding confirms A number of variations in detail for alcoholic alkali treatment have been published. Trinder heats to boiling with 0-5 N potassium hydroxide and discontinues as soon as steady boiling occurs, while others (e.g., Anderson and Keys; Sobel, Goodman, and Blau, 1951; and Brown) heat at 370, 450, or 65°C. for 90 minutes or less. Little specific investigation of the variables such as alkali concentration, temperature and time of heating, and nature of solvent seems to have been published, although according to Bloor, Pelkan, and Allen (1922) heating with strong alkali is dangerous, a contention which seems to have passed unchallenged subsequently. Some of the parameters were explored, therefore, in order to determine the optimum conditions for isolation. The colour reagent described under 'Method' was used.
Time of heating at 60°C. Treatment In the present work we investigated a number of combinations of solvents such as those referred to earlier, these being used in the presence or absence of an oxidant. Of the solvents, mixtures of acetic and sulphuric acids were considered to be the most convenient for several reasons; they are relatively inexpensive and readily available in large quantities in most laboratories; they may be used under some conditions, such as the present ones, without timeconsuming purification; they are relatively nonvolatile and they give a medium with good potentiality for sensitive colour reactions. In conjunction with such a solvent mixture a wide range of oxidants was examined and those were selected which produced the most intense colour. Three gave acceptable results, namely, ferric ion, periodate, and persulphate. Ferric salts were excluded by reason of the light instability and viscosity of the coloured product; periodate was somewhat inferior to persulphate since over-oxidation occurred and colour faded. Persulphate was therefore chosen since it was free from these disadvantages.
Variation in concentration of constituents Having determined the optimum proportions of acetic acid, sulphuric acid, and persulphate, we varied each in turn from the optimum. A deficiency of sulphuric acid led to considerable loss of sensitivity and an excess gave too viscous a reagent and too high an initial oxidizing temperature. The optimum desirable in order to avoid both these factors was found to be 5 volumes of acetic acid to 2 to 24 volumes of sulphuric acid. These proportions gave maximum colour sensitivity at 498 m,u and a medium which, under the conditions used, did not often occlude air bubbles unless handled too vigorously after cooling to room temperature. The concentration of persulphate was not critical; decreasing concentration led to decrease in sensitivity and a different absorption spectrum, while excess persulphate led to over-oxidation and loss of colour. The optimum range for a fresh reagent was found to be 10 to 25 mg. per 100 ml. sulphuric acid.
Conditions for colour development The marked rise in temperature on mixing the persulphuric and acetic acid layers assists in the rapid development of an orange-red colour in the presence of cholesterol. The process is then completed by maintaining the mixture above room temperature for a time. At 60°C. no more than two to three minutes is required but this temperature causes small changes in the spectrum of the coloured product. Incubation at 37°C. for five to 10 minutes is as effective in producing maximum colour and during this time no significant change in the spectrum is observed, the absorption at 498 m,u being constant. The lower temperature is used, therefore, and the solutions are then ready for colorimetry after cooling to room temperature.
Stability of colour The colour formed is insensitive to light: after 10 minutes' irradiation in bright sunlight outside the laboratory no significant change in the spectrum was observed. The same result was found after 90 minutes' irradiation in a combination of direct sunlight and bright daylight. After a further 17 hours in diffuse daylight and darkness at about 20°C., the spectrum showed some change, there being a drop in absorbance at 498 m,t of 4 to 5 % and an increase of the same order in the region of 430 m,u. The time of reading is not critical, therefore, but for the most accurate results measurements are best made within a few hours of colour development.
Obedience The results for a number of sera determined in these latter ways are shown in Table I ; all analyses were carried out in duplicate and the individual means taken for comparative purposes. When the two procedures for isolating the cholesterol are compared, however (using either colour reagent), the mean serum level with Trinder's treatment is about 90 % of that using the present one.
In Table 11 are shown the comparative results for sera analysed by the present procedure and by a modification of Henly's development of the Zlatkis method. No purification of the acetic acid A.R. was carried out and the cholesterol was isolated as described in this paper. The ferric chloride was incorporated in the acetic acid as recommended by Henly. Procedures somewhat similar to the ZlatkisHenly modification have been described recently by Mann (1961) and by Connerty, Briggs, and Eaton (1961) , all of whom, like Zlatkis et al., use ferric ionsulphuric acid-acetic acid reagents. For each sample referred to in Table II , four determinations were carried out using a fresh aliquot of serum for each of the four analyses. In the modified Zlatkis-Henly method, any bubbles in the coloured product were removed by light centrifugation of the colorimeter tubes. Colour development was carried out in a dark cupboard and subsequent operations were performed as soon as possible in subdued light. As is apparent from Table II, no significant difference between the two sets of values was found. value of the pair and its mean N = number of pairs The S.E.M. was ± 1-0%, so that the extreme confidence limits for a single test are about ± 3 0 %; that is to say, in 99 7 % of cases the measured value should be no more than ± 3 % away from the 'true' value. Morris found Trinder's method to be the most reproducible of those he investigated, the S.E.M. being ± 1 2 %; our value for Trinder's method was in close agreement with this, being + 1P4%. The reproducibility of the present method therefore corresponds closely with his, From Table II it appears that ferric chloride oxidation gives results not quite so reproducible as those above, the S.E.M. being ± 1-5%. Using Zlatkis' original method, Morris found a S.E.M.
of ± 1-6 % -for unpurified acetic acid. As described under 'Experimental', the method of isolation is such that, with the present colour reagents, no interfering chromogens remain; neither is there the problem of possible variations in chromogenic power of different esters if complete hydrolysis is assumed. With deliberately haemolysed or highly icteric sera no interferences due to haem compounds or bilirubin were observed. SENSITIVITY The most sensitive method so far reported is that of Brown, which he states to have 8-2 times the sensitivity of the Liebermann-Burchard procedure described by Abell et Since it is difficult to ascertain whether or not recoveries from sera are quantitative, the present approach has been to obtain maximum sample colour together with correspondence of spectra from sera and pure cholesterol. Such criteria could be satisfied by treatment under the conditions corresponding or approximating to those described under 'Method'. When this treatment is combined with extraction by a hydrophobic solvent virtual freedom from extraneous chromogens is achievable with the reagents described under 'Method'.
In All of the latter so far discussed have been shown to be non-specific for cholesterol, but with extraction procedures such as that described, interfering chromogens are of negligible proportions. The choice of reagent can subsequently be resolved into questions of sensitivity, reproducibility, ease of handling and preparation, and time-and lightstability. In this latter respect the colour reagent described under 'Method' is the only one of those we have examined which gives a product which is quite stable to light and at the same time does not necessarily involve special purifications of solvents.
No comparison between the present method and a digitonin precipitation method has been attempted, but at first sight evidence could be adduced that such methods lead to low values for serum cholesterol levels. Thus Anderson and Keys find that their K5 (alkali treatment) method gives values some 3% higher than the digitonin procedure of Foldes and Wilson (1950 
